Many devices and systems, including electronic ones, are used in the operation of sea-going vessels. Fast technological development in the field of electronics, radio communications and computer science inspires the more and more new proposals for the changes of these devices and systems. The rules and scope of sea-going vessels equipment, related to ensuring their safety, are strictly regulated by the International Maritime Organization (IMO). Considering the above, several countries have submitted to the IMO-Maritime Safety Committee (MSC) a proposal to prepare a vision of a broad strategy for incorporating new technologies in a structural manner, ensuring their compatibility with already existing different navigation and communication technologies and services. The overriding goal of this strategy would be to improve the efficiency, safety and reducing the cost of the entire system, providing global coverage and applicable to all types of sea-going vessels. In response to this proposal, the MSC decided to start work on the project "Preparation of e-navigation strategy". The article presents the general concepts and goals of the e-navigation project. Priority needs of e-navigation users were also discussed. The key elements of the project are presented too. The radio communication aspects of the e-navigation project were also considered. Finally, the enavigation Strategy Implementation Plan (SIP) and its progress were presented.
Introduction
Over 80% of world trade is transported by sea. This totals some 10 billion tonnes (53,600 billion tonne miles), of which about 29% is oil and gas, 30% is bulk (ore, coal, grain and phosphates), the remaining 41% being general cargo. Operating these merchant ships generates an estimated annual income of $380 billion in freight rates within the global economy, amounting to 5% of total world trade. The industry employs over 1.5 million seafarers.
Many devices and systems, including electronic ones, are used in the operation of sea-going vessels. Rapid technological development in the field of electronics, radio communications, and computer science inspires the new proposals for the changes of these devices and systems.
The rules and scope of equipping marine vessels, related to ensuring their safety, are strictly regulated by the International Maritime Organization (IMO) [1] , with the support of its committees and subcommittees. Considering the above, several countries have submitted to the IMO-Maritime Safety Committee (MSC) a proposal to prepare a vision of a broad strategy for incorporating new technologies in a structural manner, ensuring their compatibility with already existing different navigation and communication technologies and services.
In response to this offer, the MSC at its 81st session in 2006 decided to include, in the work programmes of the Navigation (NAV) and Radio communications and Search and Rescue (COMSAR) Sub-Committees, a high priority item on ęDevelopment of an e-navigation strategy. The main aim is to develop a strategic vision for e-navigation, to integrate existing and new navigational tools, in particular electronic tools, in an all-embracing system that will contribute to enhanced navigational safety (with all the positive repercussions this will have on maritime safety overall and environmental protection) while simultaneously reducing the burden on the navigator.
Strategy for the e-navigation
There is a clear and compelling need to equip shipboard users and those ashore responsible for the safety of shipping with modern, proven tools that are optimized for good decision making in order to make maritime navigation and communications more reliable and user friendly. The main goal of this approach is to improve safety of navigation and to reduce errors.
After the discussion, the following definition of e-navigation was adopted [2] : "E-navigation is the harmonized collection, integration, exchange, presentation and analysis of marine information on board and ashore by electronic means to enhance berth to berth navigation and related services for safety and security at sea and protection of the marine environment."
Therefore, e-navigation is intended to meet present and future user needs through harmonization of marine navigation systems and supporting shore services.
A vision of e-navigation is embedded in the following general expectations for the on-board, ashore and communications elements [2] : -On board -Navigation systems that benefit from the integration of own ship sensors, supporting information, a standard user interface, and a comprehensive system for managing guard zones and alerts; -Ashore -The management of vessel traffic and related services from ashore enhanced through better provision, coordination, and exchange of comprehensive data in formats that will be more easily understood and utilized by shore-based operators in support of vessel safety and efficiency; -Communications -An infrastructure providing authorized seamless information transfer on board ship, between ships, between ship and shore and between shore authorities and other parties with many related benefits. To attain the benefits of e-navigation, a number of basic requirements should be fulfilled as enablers to the implementation and operation of e-navigation. In particular: 1. Implementation of e-navigation should be based on user needs not technology-driven and overreliance should not be placed on technology to avoid; 2. Operating procedures should be put in place and kept under review, most notably in relation to the human/machine interface, the training and development of mariners and the roles, responsibilities and accountabilities of ship-and shore-based users; 3. The mariner should continue to play the core role in decision-making even as the supporting role of the shore-based users increases; 4. human factors and ergonomics should be core to the system design to ensure optimum integration including the Human Machine Interface (HMI), presentation and scope of information avoiding overload, assurance of integrity and adequate training;
5. Adequate resources should be made available and assured for both e-navigation itself and the necessary enablers such as training and radio spectrum; 6. Implementation should be measured and not over-hasty; 7. Costs should not be excessive.
Potential users of e-navigation
A significant number of potential ship and shore-based users of e-navigation have been identified [2, 5] . Examples of e-navigation users are given in the Tab. 1.
Tab. 1. Examples of e-navigation users

Shipborne users
Shore-based users The key strategy elements for e-navigation based on user needs include: Architecture, Human Element, Convention and Standards, Position Fixing, Communication Technology and Information Systems, ENCs, Equipment and Standardization and Scalability are detailed below.
The overall conceptual, functional, and technical architecture will need to be developed and maintained, particularly in terms of process description, data structures, information systems, communications technology and regulations.
Training, competency, language skills, workload and motivation are identified as essential. Alert management, information overload and ergonomics are prominent concerns. These aspects of e-navigation will have to be taken into account in accordance with IMO.s human element work.
The provision and development of e-navigation should consider relevant international conventions, regulations and guidelines, national legislation and standards. The development and implementation of e-navigation should build upon the work of IMO.
Position fixing systems will need to be provided that meet user needs in terms of accuracy, integrity, reliability and system redundancy in accordance with the level of risk and volume of traffic.
Communications technology and information systems will have to be identified to meet user needs. This work may involve the enhancement of existing systems or the development of new systems. Any impacts affecting existing systems will need to be identified and addressed, based on technical standards and protocols for data structure, technology, and bandwidth and frequency allocations.
There would be adequate coverage of consistent ENCs (Electronic Navigational Charts) by the time any further mandatory carriage requirements were likely to be adopted by IMO.
The work will follow the development of performance standards and will involve users and manufacturers.
IMO Member States have a responsibility for the safety of all classes of vessels. This may include the scalability of e-navigation for all potential users.
Components of an e-navigation implementation process
Implementation of e-navigation should be a phased iterative process of continuous development including, but not necessarily limited to, the steps shown in Fig. 1 [2, 5] . Fig. 1 . E-navigation implementation process [2] User needs
The first step in the plan is that of identification of users and their requirements. The next step should be the identification of the groups of functions or services needed to meet these primary navigational needs, based on a structured, systematic and traceable methodology that relates the functions to tangible operational benefits;
Architecture and analysis
Definition of the integrated e-navigation system architecture and concept of operations should be based on consolidation of the user needs across the entire range of users, taking account all possible economies of scale. The architecture should include hardware, data, information, communications and software needed to meet the user needs.
Cost-benefit and risk analysis should be an integral part of the programme. It should be used to inform strategic decisions, but also to support decision-making on where and when certain functions need to be enabled.
Training needs analysis should be performed based on the system architecture and operational concept resulting in a training specification.
Institutional and regulatory requirements analysis should be undertaken, based on the system architecture and operational concepts.
Gap analysis
The gap analysis should focus on the following elements: -regulatory gap analyses particularly identifying gaps in the present frameworks that need to be filled, -operational gap analysis to define a reduced concept of operations that could be used based on the integration of existing technology and systems, -identification and description of existing systems that could be integrated into the e-navigation concept covering functionality, reliability, operational management responsibilities, regulatory status as to specification/standardization, fitment and use; -technical gap analyses, comparing the capabilities and properties of existing systems with the architectural requirements to identify any technology or system development that might be needed, based solely on the user needs.
Implementation of e-navigation
The implementation plan should identify responsibilities to the appropriate parties. IMO, other international organizations, States, users and industry as well as timelines for implementation actions and reviews. A stable and realistic implementation plan will create forward enthusiasm and momentum for e-navigation across the maritime sector.
Review of lessons learnt
The final phase of the iterative implementation programme should be to review, lessons learned and re-plan the subsequent phases of the plan. It is important to understand that e-navigation is not a static concept, and that development of logical implementation phases will be ongoing as user requirements evolve and also as technology develops enabling more efficient and effective systems. However, it is critical that this development takes place around a stable set of core systems and functions configured to allow extension over time.
Framework for the implementation process for the e-navigation strategy
In order to implement e-navigation strategy several steps are required. This includes a number of elements such as developing an initial user needs (completed in 2009), initial architecture (completed in 2010), initial gap analysis (completed in 2010), cost benefit and risk analysis (completed in 2011) and the creation of an implementation plan (planed in 2012 but completed in 2014).
E-navigation strategy implementation plan
The e-navigation Strategy Implementation Plan (SIP), after a wide discussion, was approved by MSC in November 2014 [3] . The e-navigation SIP introduces a vision of e-navigation, which is embedded in general expectations for the on board, onshore and communications elements.
The main objective of the SIP is to implement the five prioritized e-navigation solutions, taking into account the IMO Formal Safety Assessment (FSA), from which a number of required tasks have been identified. These tasks should, when completed in the period 2015-2019, provide the industry with the harmonized information, in order to start designing products and services to meet the e-navigation solutions.
Strategy Implementation Plan for the five prioritized e-navigation solutions
The approved in 2014 SIP is based on the following five prioritized e-navigation solutions [3] : S1: improved, harmonized and user-friendly bridge design; S2: means for standardized and automated reporting; S3: improved reliability, resilience and integrity of bridge equipment and navigation information; S4: integration and presentation of available information in graphical displays received via communication equipment; and S5: improved Communication of VTS Service Portfolio (not limited to VTS stations).
Solutions S2, S4 and S5 focus on efficient transfer of marine information and data between all appropriate users (ship-ship, ship-shore, shore-ship and shore-shore). Solutions S1 and S3 promote the workable and practical use of the information and data on board. As part of each one of the above prioritized e-navigation solutions, several sub-solutions were identified.
Whilst the first steps involve implementing the five prioritized e-navigation solutions, it is important to recognize that further e-navigation development will be a continuous process following user needs for additional functionalities of existing and possible future systems (e.g. implementation of on-board and/or ashore navigational decision support systems). As user needs evolve and new technology is introduced, other e-navigation solutions may be incorporated into the strategy, as appropriate.
Worth noticing, that as part of the improved provision of services to vessels through e-navigation, Maritime Service Portfolios (MSPs) have been identified as the means of providing electronic information in a harmonized way, which is part of solution 5.
To implement five priority e-navigation solutions, eighteen detailed tasks were adopted. The identified tasks with an indication of the implementation schedule are presented in Tab. 2 [3] .
Tab. 2. The identified tasks adopted to implement five priority e-navigation solutions
The ship and shore architecture for the prioritized solutions Figure 2 shows the principle of an information/data flow in the e-navigation architecture [3] . Fig. 2 . Overarching e-navigation architecture [3] The figure shows the complete overarching e-navigation architecture, and defines two additional important features: the Common Maritime Data Structure (CMDS) that spans the whole of the horizontal axis; and the World Wide Radio Navigation System (WWRNS).
The presented architecture also: 1. brings into focus the "operational service" level and the "Functional links used by Technical services" and the "Physical links used by Technical services'; 2. highlights the fundamental distinction between information and data domains, explaining the relationship between the user requested information items and introducing the concepts of Operational and Technical Services, as well as Functional and Physical Links into a hierarchical perspective; 3. identifies the concept of "Maritime Service Portfolios"; 4. unfolds the relationship of shore-to-shore data exchange.
It is worth emphasizing that the detailed shore and shipside architecture will be further developed in the light of the completion of some of the relevant tasks.
Conclusions
As shipping moves into the digital world, the e-navigation system is expected to provide digital information and necessary infrastructure for it. In the above context, we can see that e-navigation project meets the expectations of the present but also the coming times.
Without a doubt, the main benefits of IMO e-navigation project implementation are following: -improved safety, through promotion of standards in safe navigation, -better protection of the environment, -augmented security by enabling silent operation mode for shore-based stakeholders for domain surveillance and monitoring, -higher efficiency and reduced costs; enabled by: -global standardization and type approval of equipment, -automated and standardized reporting procedures, -improved bridge efficiency, -integration of systems, -improved human resource management. It is also worth to emphasize that e-navigation is a development project and it will be a key element of the latest IMO project on Maritime Autonomous Surface Ships (MASS).
According to the author, similar to the presented in the article the e-navigation project will be implemented in the future in other areas of transport such as land or air transport.
